Introduction
17 August 1999 (M w :7.4) Kocaeli and 12 November 1999 (M w :7. 2) Düzce earthquakes took place on different sections of the North Anatolian Fault System (NAFS). The Kocaeli earthquake struck east of the Marmara Region and produced more than 150 km of surface rupture with dextral offsets exceeding 5 m (Pucci et al., 2007) . The 1999 Kocaeli earthquake rupture continued its migration toward the east on 12 November 1999 as the Düzce earthquake ( Figure 1 ) with a 40 km surface rupture length (Utkucu et al., 2003) . The westernmost part of the Düzce Fault also ruptured during the Kocaeli event. In the Düzce earthquake, the damage was concentrated in the southern part of the city of Düzce, which is underlain by soft soil layers (Rathje et al., 2006) . Strong ground motion caused severe building damage and killed 17.479 people in the Kocaeli earthquake and 763 people in the Düzce earthquake (Özmen, 2000) . It is believed that the most of heavy damage was associated with soil amplification due to local geological conditions. The soft soils increased the ground shaking and, potentially, other factors such as ground failure and structural deficiencies may have led to heavy damage.
It has long been recognized that the ground shaking in an earthquake depends on the magnitude, the distance from the fault and local geologic conditions. The earthquake magnitude and the proximity of the fault to a site could severely increase the intensity of ground shaking at that site. Also, the geology of an area has a remarkable influence on the distribution of the damage caused by an earthquake. The important geological factors at a site in terms of the site effects are the rock-soil boundary, geotechnical properties of rock-soil, thickness of the sediments above bedrock, geological age, lithology, groundwater conditions, and soil type. It is important to consider these geological and geotechnical factors to determine whether the earthquake shaking would be amplified or attenuated during an earthquake. For this purpose, the GMPEs and the HVSAR and RSAR methods were used to assess the degree of the site amplification and the predominant periods at the stations located in the Düzce Basin. 
Geological Setting
The Düzce Basin was formed by the activities of the North Anatolian Fault (NAF) as a graben-like basin. The basin is bounded by the active Gölyaka-Eftani-Beyköy Fault in the south and the Çilimli-Konuralp Fault in the north. The Çilimli-Konuralp Fault is relatively less active than the Gölyaka-Eftani-Beyköy Fault. These faults are part of the south and north segments of the NAF and they are the main elements shaping the morphology of the region. The Düzce Plain forming the mid-section of the basin presents a low inclined topography toward the southwest (toward Lake Eftani). The drainage network which has developed based on the morphology of the basin has NE-SW and E-W flows. The Küçük Melen River and Asarsuyu Creek drain the surface waters of the basin into Lake Eftani. The Büyük Melen River subsequently discharges the waters of Lake Eftani to the Black Sea with a S-N flowing direction (Figure 2 ). The hydrologic and morphologic features in the basin are the results of the intense tectonic activity that controls the basin structure and overall slope of the plain. The youngest unit is the alluvium deposited in the basin. The thickness and lithologic variation of the alluvium depend on the tectonic setting that directly affects the morphology and basin geometry. Alluvial fan deposits (Qal-f) on the north and south mountainsides, channel and flood plain deposits (Qal-cf) in the impact areas of the Küçük Melen and Büyük Melen Rivers and Asarsuyu Creek, and lacustrine-playa deposits (Qal-p) around Lake Eftani were deposited under the effects of tectonic forces. Alluvial fan deposits consist of gravelsand, channel and flood plain deposits contain sandgravel with clay lenses and lacustrine-playa deposits are composed of clay-silt type sediments.
Residuals of Peak Ground Accelerations (PGAs) Method
In order to obtain a set of site amplifications and spectral shapes, we have first chosen the previous GMPEs Özer 2010, Ulutaş et al., 2011; Ambraseys et al., 2005) used in a number of records from the northwestern part of Turkey. Then, the study was focused to show that it is possible to estimate site amplification by using the residuals. In this model, PGAs were calculated for the horizontal components of the records. The relationship proposed by Ulutaş and Özer (2010) and Ulutaş et al., (2011) included a considerable amount of PGA data with a moment magnitude greater than 4.0 and with a surface projection of the rupture area. Ulutaş and Özer (2010) collected a considerable amount of PGA data and developed an empirical attenuation relationship based on the basic linear regression model of Wu et al., (2001 
where i D is the observed PGA value and i D is the predicted PGA value obtained by the empirical attenuation relationship. Thus, the site peak ground motion is expressed as
The site amplification values were also obtained by using the Ambraseys et al., (2005) method in addition to the model mentioned above to compare the results. Table 1 shows the calculated site amplification values of the stations by using the residuals of PGA proposed by Ulutaş and Özer (2010) and Ambraseys et al., (2005) . 
H/V (Horizontal/Vertical) Spectral Acceleration Ratio (HVSAR) Method
The hypothesis of this method is that for a soft layer overlying a half space, the soft layer will amplify the horizontal component of ground motion, while amplification effects on the vertical component are small enough to be neglected (Nakamura, 1989) . Comparisons between this technique and other methods for site response estimation were described by Bonilla et al., (1997) and Field and Jacob (1995) . It has been found that the HVSAR method is consistent with the general geological conditions of the recording sites (Gosar, 2010) .
The spectral ratios are calculated by taking the ratio of the Fourier amplitude spectra (FAS) or response spectra (RS) of a soil site record (Nakamura, 1989; Bonilla et al., 1997; Field and Jacob 1995; Sokolov et al., 2007; Berilgen, 2007) . HVSAR is a very useful tool of engineering seismology and earthquake engineering for analyzing the performance of structures during an earthquake. The HVSAR method facilitates the calculation of the transfer function using the relationship
The HVSAR of each station is calculated by using the largest earthquakes that have occurred in the region and been recorded by the stations located in the basin. Figure  3 shows the characteristics of H/V spectral ratios versus period for the BAL, GLY, DZC, C1058, and GON stations. 
Soil-to-Rock Response Spectral Acceleration Ratio (RSAR) Method
Our last approach to examine the site amplification and predominant period of the stations located in the Düzce Basin is the soil-to-rock RSAR method. This method considers a "reference" motion to a nearby rock site. The critical assumption in this method is that the surfacerock-site record is equivalent to the input motion at the base of the soil layers (Steidl et al., 1996) . The records of C1058 station were chosen for the soil-to-rock spectral ratios. First, the horizontal components that have the peak acceleration values were selected for the magnitude 5.1, 5.8 and 7.2 events recorded at these stations. Then, response spectra (RS) were determined from the corrected records. RS were calculated at critical damping ratios of 5 % for all the horizontal components of the records from the selected three events which are the largest earthquakes recorded at the selected stations. Each horizontal response spectrum of the soil site records was divided into the response spectrum of the C1058 reference station. The amplification values of the stations ranged from 1.5 to 14 (Figure 4 ). 
Discussion and Conclusions
In this study, we evaluated the applicability of three methods for the amplification of five sites located within the Düzce Basin. The GMPEs and the HVSAR and RSAR methods were used to assess the degree of the site amplification and the predominant periods at the stations located in the Düzce Basin. The effect of geology on site amplification and predominant periods in the basin was also examined. A review of residuals by the GMPEs, HVSARs and RSARs with a 5 % critical damping of recorded strong ground motions demonstrated a notable amplification effect on soil sites in the basin.
Based on the results of calculated residuals from observed and predicted acceleration values, the site amplification values for the stations (BAL, GLY, GON, DZC) varied between 1.33 and 2.22. The C1058 station exhibited a de-amplification value of 0.31. The BAL, GLY, GON, DZC stations, all of which were located on alluvial deposits, showed amplification, while the C1058 station located on a rock site resulted in de-amplification.
The amplification values obtained from the residuals are usually valid for the soils with pre-dominant periods shorter than three seconds.
The site amplification and the predominant period values are 10 and 0.4, respectively, in the BAL station based on the HVSAR method. The same station yielded an amplification ratio of 15 at 0.5 s based on the RSAR method. A very good agreement is noticed at predominant periods of the BAL station based on the HVSAR and RSAR methods. The heterogeneity of the soil profile and the low geotechnical properties of the second layer might have caused a high soil amplification result in the BAL station site.
The amplification value of 4 was observed at a predominant period of 0.5 s in the GLY station based on the HVSAR method. In particular, the amplification values of this station increased after 1.5 s at high periods.
The RSAR method resulted in an amplification value of 11 at 0.7 s for the GLY station. There is an increase in amplification values at high periods for the GLY station. The reason why the amplification values increase at high periods for the GLY station could be the distant location of the station from the epicenter of the Düzce earthquake. Also, the discontinuity in contact between the clay and sand layers in the GLY station site soil profile might affect the soil amplification in this location and could be the reason for sudden changes in amplification between 0.8 s and 1.3 s periods in the amplification-period graphic of the GLY station.
The DZC station indicated an amplification value of 8 at 0.7 s and the GON station gave an amplification value of 4 at 0.4 s based on the HVSAR method. Additionally, the DZC station provided amplification values of 8 and 11 at 0.3 s and 0.7 s, respectively, and the GON station showed an amplification value of 1.5 at 0.5 s based on the RSAR method. The soil amplification of the DZC station site could be affected by the heterogeneity of the soil profile. The soil amplification of the GON station site is mainly dependent on the geotechnical properties of the thick sand layer. Although the ground at these stations falls into the same site class, they showed different amplification effects. This situation could be explained by the differences in application of the methods, interlayer properties, and depth to bedrock, seismic velocities and/or seismic impedance. Although the C1058 station yielded a de-amplification according to the results of calculated residuals from observed and predicted acceleration values, it showed an amplification value of 2.5 at a 0.5 s period in the HVSAR method. However, this amplification value of 2.5 is much smaller than the amplification values of the other stations, obtained from the HVSAR and RSAR methods
